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Administration (NASA), nor any person acting on behalf of NASA: 
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with respect to the accuracy, completeness, or usefulness of the 
information contained in this report, or that the use of any 
information, apparatus, method, or process disclosed in this 
report may not infringe privately owned rights; or 
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damages resulting f r ~ m  the use of any information, apparatus, 
method or process disclosed in this report. 
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FOREWORD 
~ d e  work d e s c r i b e d  h e r e i n  i s  sponsored by t h e  N a t i o n a l  Aeronau t ics  
and Space A d m i n i s t r a t i o n  under  C o n t r a c t  NAS 3-6474. R. L. Davies  and 
P.  L. Stone of NASA-Lewis Research C e n t e r  a r e  t h e  NASA Technica l  Managers. 
The program is be ing  a d m i n i s t e r e d  f o r  t h e  General  E l e c t r i c  Company 
by E. E. Hoffman, and R .  W .  H a r r i s o n  is a c t i n g  as t h e  Program Manager. 
Pe rsonne l  making major c o n t r i b u t i o n s  t o  t h e  program d u r i n g  t h e  c u r r e n t  
r e p o r t i n g  p e r i o d  i n c l u d e  : 
T-111 C o r r o s i o n  Loop Opera t ion  - J. Holowach, A .  Losekamp, T. I rwin  
P a r t i a l  P r e s s u r e  Gas A n a l y s i s  - D r .  T. Lyon 
1900°F Li thium Loop - J .  Smith 
Advanced Tantalum Al loy  Capsule  T e s t s  - G. Brandenburg 
ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 
I . INTRODUCTION 
This  r epo r t  covers  t h e  per iod from J u l y  15, 1969 t o  October 15,  
1969. The primary t a s k  of t h i s  program is t o  f a b r i c a t e ,  ope ra t e  f o r  
10,000 hours  and e v a l u a t e  a  T-111 Rankine System Corrosion Test  Loop. 
Ma te r i a l s  f o r  e v a l u a t i o n  inc lude  the  containment a l l o y ,  T-111 (Ta-8W-2Hf) 
and t h e  t u r b i n e  candida te  m a t e r i a l s  Mo-TZC and Cb-132M which a r e  loca ted  
i n  t h e  t u i b i n e  s imu la to r  of t h e  two-phase potassium c i r c u i t  of t h e  
system. The loop des ign  w i l l  be s i m i l a r  t o  t h e  Cb-1Zr Rankine System 
Corrosion Test  Loop; a  two-phase, fo rced  convec t ion ,  potassium c o r r o s i o n  
test loop  which has  been t e s t e d  under Contract  NAS 3-2547. Lithium 
i s  being heated by d i r e c t  r e s i s t a n c e  i n  a  primary loop.  Heat r e j e c t i o n  
f o r  condensat ion i n  t h e  secondary potassium loop  is being accomplished 
by r a d i a t i o n  i n  a  h igh  vacuum environment t o  t h e  water  cooled chamber. 
The compa t ib i l i t y  of t h e  s e l e c t e d  m a t e r i a l s  w i l l  be eva lua ted  a t  
cond i t i ons  r e p r e s e n t a t i v e  of space e l e c t r i c  power system ope ra t i ng  
cond i t i ons ,  namely: 
Boi l ing  tempera ture ,  2050°F. 
Superheat t empera ture ,  2 1 5 0 ° ~ .  
Condensing tempera ture ,  1400°F. 
Subcooling tempera ture ,  1 . 0 0 0 ~ ~ .  
Mass flow r a t e ,  40 l b / h r  
B o i l e r  e x i t  vapor v e l o c i t y ,  50  f t / s e c  
Average hea t  f l u x  i n  plug (0-18 inches ) ,  240,000 ~ t u / h r  f t 2  
Average hea t  f l u x  i n  b o i l e r  (0-250 inches ) ,  23,000 ~ t u / h r  f t 2  
I n  a d d i t i o n  t o  t h e  primary program t a s k  c i t e d  above t h e  program 
a l s o  i nc ludes  capsu l e  t e s t i n g  t o  e v a l u a t e  advanced tan ta lum a l l o y s  of 
t h e  ASTAR 811 type  (~a-8~-1Re-1Hf)  i n  both potassium and l i t h i u m .  
 of fman, E . E . and Holowach, J., Cb-1Zr Rankine System Corrosion Tes t  
Looo. Potassium Corrosion Test   loo^ Develo~ment  Touica l  R e ~ o r t  No. 7. 
R66SD3016, General E l e c t r i c  Company, C i n c i n n a t i ,  Ohio, May 1, 1968. 
Also included i n  t h e  program is t h e  f a b r i c a t i o n ,  7500-hour o p e r a t i o n  @ 
and eve lua t ion  of a  1900°F, high flow v e l o c i t y ,  pumped l i t h i u m  loop 
designed t o  eva lua t e  t h e  compa t ib i l i t y  of T-111 c l a d  f u e l  specimens, 
ASTAR 811 type  a l l o y s ,  T-111, T-222, and t h e  t u n g s t e n  a l l o y ,  W-25Re-30Mo 
a t  cond i t i ons  s imu la t i ng  a  l una r  Brayton r e a c t o r  system. 
1 1 .  SUMMARY 
On October 3,  1969 t h e  T-111 Rankine System C o r r o s i o n  T e s t  Loop had 
s u c c e s s f u l l y  completed BOO0 hours  of o p e r a t i o n .  The l o o p  was put on 
a u t o m a t i c  c o n t r o l  and c o n s t a n t  s u r v e i l l a n c e  was t e r m i n a t e d .  
P o s t t e s t  e v a l u a t i o n  of t h e  l i t h i u m  thermal  c o n v e c t i o n  c a p s u l e s  
r e v e a l e d  c o r r o s i o n  i n  ASTAR 811C specimens which had been welded and 
not postweld a n n e a l e d .  
F a b r i c a t i o n  of t h e  1900°F Li thium Loop i s  n e a r i n g  c o ~ n p l e t i o n .  All 
subassemblies have heen j o i n e d .  

I I I . PROGRAM STATUS 
A .  T - l l l  RANKINE SYSTEM CORROSION TEST LOOP 
1 . Loop O p e r a t i n g  Temperatures  
On August 22,  1969 t h e  T-111 C o r r o s i o n  T e s t  Loop s u c c e s s f u l l y  
completed t h e  f i r s t  h a l f  of t h e  planned 10 ,000  hours  of o p e r a t i o n .  Thc 
l o o p  t e m p e r a t u r e s  r ecorded  a t  t h e  5000 hour t e s t  t ime  a r e  shown i n  
F i g u r e  1, and t h e  t e m p e r a t u r e s  of major  i n t e r e s t  are shown 011 t h e  l o o p  
s c h e m a t i c  i n  F i g u r e  2 .  The performance of t h e  l o o p  has  been e x c e l l e n t  
i n  t h a t  c o n t r o l  a d j u s t m e n t s  have been l i m i t e d  t o  minor changes  i n  t h e  
power i n p u t  t o  t h e  l i t h i u m  h e a t e r  t o  compensate f o r  s m a l l  l i n e  v o l t a g e  
changes  no t  compensated f o r  by t h e  v o l t a g e  s t a b i l i z e r .  A compar ison of 
t h e  d a t a  o b t a i n e d  a t  1000 h o u r s ,  2000 h o u r s ,  and 5000 hours  shown i n  
T a b l e  I ,  f u r t h e r  e x e m p 1 i f i . e ~  t h e  s t a b i l i t y  of t h e  l o o p ' s  performance.  
2 .  Turbine  S i m u l a t o r  Performance 
The c a l c u l a t e d  vapor  v e l o c i t i e s  of t h e  t u r b i n e  s i m u l a t o r  n o z z l e s  
a t  5000 hours  a r e  p r e s e n t e d  i n  Tab le  I1 f o r  a  mass v e l o c i t y  of 36.7 l b / h r  
of po tass ium.  The vapor  v e l o c i t y  i n  t h e  s u p e r h e a t e d  f i r s t  s t a g e  was 
1080 f t / s e c .  The vapor  v e l o c i t y  i n  t h e  8 8 - p e r c e n t - q u a l i t y  r e g i o n  ranged 
from a  h i g h  of 1280 f t / s e c  i n  t h e  second-s tage  n o z z l e  t o  a low of 1150 
f t / s e c  i n  t h e  t e n t h  s t a g e  n o z z l e .  A l l  vapor  v e l o c i t i e s  were h i g h e r  t h a n  
t h e  1000 f t / s e c  d e s i g n  v e l o c i t y .  
The h i g h e r  t h a n  d e s i g n  v e l o c i t y  is  a t t r i b u t e d  t o  t h e  lower  t h a n  
p r e d i c a t e d  vapor  p r e s s u r e  a t  t h e  i n l e t  t o  t h e  t u r b i n e  s i m u l a t o r  due t o  
a  h i g h e r  t h a n  p r e d i c a t e d  p r e s s u r e  d r o p  i n  t h e  b o i l e r .  The h i g h e r  t h a n  
p r e d i c a t e d  p r e s s u r e  l o s s  i n  t h e  b o i l e r  i s  due t o  t h e  h igh  h e a t  t r a n s f e r  
r a t e  i n  t h e  18-inch-long p lug  and t h e  r e s u l t i n g  h i g h  vapor  q u a l i t y  i n  
t h e  e n t r a n c e  s e c t  i o n  of t h e  b o i l e r .  F o r  a  g i v e n  mass f l o w  r a t e ,  t h e  
p r e s s u r e  d r o p  i n  t h e  t u b e  is  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  vapor  d e n s i t y .  
3 .  T e s t  Chamber E n v i r o n ~ r ~ e n t  -Par t  i l l 1  P r e s s u r e  Anctlysis 
The chamber p r e s s u r e  and p a r t i a l  p r e s s u r e s  of t hc v~ i l - ious  gaseous  
s p e c i e s  I n  t h e  t e s t  chamber ( lur ing the p e r i o d  fro111 4000  t o  6000 h o u r s  
of l o o p  o p e r a t i o n  a r e  shown i n  F igure  3 .  S i m i l a r  d a t a  f o r  t h e  p e r i o d  
f rom 0  t o  4000 hours  of l o o p  o p e r a t i o n  were g i v e n  i n  t h e  p r e c e d i n g  
Date 8-22-69  0430 Hrs. T e s t  Time 5000.0  Ilrs. 
Chamber Pressure  9 . 2  x LO-' Torr 
Heater 4 8 . 2  A 470 V 2 2 . 7  KW 
Preheater  3 2 . 5  A 88 V 2 . 0 6  KL' 
Primary Flow 2 . 2 3  mv 1 .44  GPM 
Secondary Flow 0 . 2 1 9  mv 0 . 1 0 7  GPM 
B o i l i n g  Temperature 2052 OF 
Superheat 125 O F  
lYru b(n 
TYPICAL IliLR4OCOUPLE O R S U , ~  
L i t h i u n  C i r c u i t  
P ,  Primary Circui t  T/C's 
B ,  B o i l e r  T/C's 
Potassium C l r c u i t  
S ,  Secondary C i r c u i t  T/C's 
P A ,  Potaeslum Preheater T/C1s 
THERMOCOUPLE COD2 






Temperature in F 
905 
C298 
Figure 2, T-111 Corrosion Test Loop Operating Temperatures - 5000 Hours. 
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T-111 RANKINE SYSTEM CORROSION TEST LOOP PERFORMANCE 
Date 
Tes t  Hours 
Lithium Flow Rate 205 l b s / h r  207 l b s / h r  229 l b s / h r  
Lithium Temperature, I n  2253OF 2253OF 223g°F 
Lithium Temperature, Out 2078OF 2078OF 2078OF 
Lithium AT 175OF 175OF 161°F 
Potassium Flow Rate 36 l b s / h r  37 l b s / h r  38 l b s / h r  
Plug Bo i l i ng  Temperature 2048O F 204g°F 2052OF 
B o i l e r  Ex i t  Vapor Temp. 2147OF 213g°F 2137OF 
B o i l e r  Ex i t  S a t u r a t i o n  Temp. 2 0 1 2 ' ~  2 0 1 1 ° ~  2012OF 
Potassium Vapor Superheat 1 3 5 ' ~  127OF 125OF 
Condensing Temperature 1 4 1 6 ' ~  1 4 1 6 ' ~  1411nF 
Potassium Heat Innut 
1. Preheat  2280 Btu/hr 2340 Btu/hr 2410 Btu/hr 
2 .  Heat of Vapor iza t ion  26,300 Btu/hr 26,950 Btu/hr 27,600 Btu/hr 
3 .  Superheat 1040 Btu/hr 947 Btu/hr 960 Btu/hr 
TOTAL 29,620 Btu/hr 30,237 Btu/hr 30,970 Btu/hr 
T o t a l  Power t o  Lithium Heater  13.2 kw 13.7 kw 13 .8  kw 
T o t a l  Power t o  Potassium 8.7 kw 8 .9  kw 9 . 0  kw 
Net Heat Loss 4.5 kw 4.8 kw 4 .8  kw 
TABLE I1 
T - 1 1 1  RANKINE SYSTEM CORROSION T E S T  LOOP 
TURBINE SIMULATOR PERFORMANCE AT 5000 HOURS 
N o z z l e  
N u m b e r  M a t e r i a l  
N o z z l e  I n l e t  Ex i t  Vapor  
D i a m e t e r  (a) T e m p e r a t u r e  P ressure ,  Vc loc i t y 
O F  i n c h  p s i a  f t /sec 
(a) M e a s u r e d  a t  r o o m  t e m p e r a t u r e  
T o t a l  T e s t  H o u r s  
F i g u r e  3.  T e s t  Chamber Environment During T e s t i n s  o f  t h e  T-111 Rankine System 
C o r r o s i o n  T e s t  Loop. 
q u a r t e r l y  r e p o r t s .  ( 1 , 2 )  I n  t h e s e  F igures ,  d a t a  p o i n t s  a r e  p l o t t e d  a t  
250 hour i n t e r v a l s  f o r  t h e  sake of c l a r i t y ,  even though r e s i d u a l  gas  
ana lyses  a r e  obtained every e i g h t  hours dur ing  loop ope ra t i on .  
A s  shown i n  Figure 3 ,  t h e  t o t a l  p ressure  has g radua l ly  decreased 
over  t h i s  t ime i n t e r v a l  a s  a  r e s u l t  of t h e  diminishing hydrogen p a r t i a l  
p r e s su re .  Hydrogen has been and cont inues  t o  be t h e  predominant gas 
i n  t h e  system. 
4 .  Loop Operation 
A s  a  r e s u l t  of t h e  s t a b l e  and t r o u b l e - f r e e  ope ra t i on  of t h e  loop  
dur ing  t h e  f i r s t  5000 hours of ope ra t i on  t h e  need f o r  cons tan t  s u r v e i l -  
l ance  was re -eva lua ted .  
A s  descr ibed  prev ious ly  (Al ) ,  dur ing  cons tan t  s u r v e i l l a n c e  operat i on  
adjustments  t o  t h e  loop c o n t r o l s  were l im i t ed  t o  manual adjustments  t o  
t h e  l i t h ium h e a t e r  power c o n t r o l ,  a  General E l e c t r i c  Type 524 Curren t -  
Modulation C o n t r o l l e r .  This  u n i t  is  capable  of au tomat ica l ly  c o n t r o l -  
l i n g  t h e  power t o  main ta in  a  s p e c i f i c  temperature  when used i n  conjunc t ion  
wi th  a  General E l e c t r i c  Type HF temperature  r e c o r d e r .  On September 29, 
1969 t h e  l i t h i u m  h e a t e r  power was placed on automatic  c o n t r o l .  
Appropriate  adjustments  t o  t h e  c o n t r o l  band width r e s u l t e d  i n  
c o n t r o l  of t h e  l i t h i u m  h e a t e r  e x i t  temperature  w i t h i n  a  2 0 ' ~  band a t  
2250°F wi th  no d i f f i c u l t i e s .  On October 3, 1969 t h e  loop had completed 
6000 hours of opera t ion ,  and s u r v e i l l a n c e  was reduced t o  one s h i f t  f o r  
d a t a  t ak ing  purposes only s i n c e  no requirement f o r  ad,justments was 
a n t i c i p a t e d .  On October 23, 1969 t h e  loop completed 6500 hours of 
opera t ion  and 500 hours on automatic  c o n t r o l .  
Automatic and unattended o p e r a t i o n  of a  co r ros ion  loop of t h i s  
complexity can be considered a  major accomplishment and is  only  p o s s i b l e  
due t o  t h e  s t a b l e  and t roub le - f r ee  ope ra t i on  of t h e  T-111 Rankine System 
Corrosion Test  Loop demonstrated t o  d a t e .  
( l ) ~ d v a n c e d  Ref rac tory  Alloy Corrosion Loop Program, - Quar te r ly  Progress  
Report No. 16  f o r  Per iod Snding A p r i l  15,  1969, NASA Contract  NAS 3- 
("Advanced Ref rac tory  Alloy Corrosion Loop Program, Quar te r ly  Progress  
Report No. 17 f o r  Period Ending Ju ly  15,  1969, NASA Contract  NAS 3-  
B .  1900°F LITHIUM LOOP 
- 
F a b r i c a t i o n  of  a l l  subcomponents f o r  t h e  1900°F L i th ium Loop h a s  
been comple ted .  The h e a t e r  e l e c t r o d e  subassembly;  c o r r o s i o n ,  t e n s i l e  and 
c l a d  f u e l  e lement  subassembl ies  were welded t o g e t h e r  t h u s  comple t ing  n  
major  p o r t i o n  of t h e  l o o p  assembly.  The r e l a t i v e  p o s i t i o n  and o r i e n t a t i o n  
of t h e s e  subassembl ies  i n  t h e  l o o p  i s  i l l u s t r a t e d  i n  t h e  i s o m e t r i c  draw- 
i n g ,  F i g u r e  4 .  A l l  welds  a r e  made a c c o r d i n g  t o  GE-NSP S p e c i f i c a t i o n  03- 
0025-00-A. F i n a l  welding of t h e  EM pump and s u r g e  t a n k  i n t o  t h e  l o o p  w i l l  
be performed a f t e r  comple t ion  of postweld  a n n e a l i n g  of a l l  we lds  performed 
t o  d a t e .  
P r i o r  t o  assembly of t h e  subcomponents, a l l  specimens  were c l e a n e d  
and weighed a c c u r a t e l y  t o  o b t a i n  d a t a  s u i t a b l e  f o r  weight  change measure- 
ments a t  t h e  comple t ion  of t h e  t e s t .  The T-111 c l a d  f u e l  e lement  specimens  
which were r e c e i v e d  from NASA on August 12,  1969 were rad iographed  t o  d e -  
t e rmine  t h e  i n t e g r i t y  of t h e  e n c a p s u l a t e d  f u e l  and l i n e r s .  These r a d i o -  
g r a p h s  r e v e a l e d  c r a c k i n g  of some of t h e  t u n g s t e n  dome-shaped end s p a c e r s ;  
however, i t  was agreed  by NASA and GE t h a t  t h e  c r a c k s  w i l l  no t  a d v e r s e l y  
a f f e c t  t h e  i n i t i a l  2500 hours  of t h e  exper iment  s i n c e  t h e  c l a d  c o n t a i n s  no 
d e f e c t s .  P l a n s  a r e  be ing  made by NASA t o  p rov ide  d e s i g n  o r  m a t e r i a l  re- 
v i s i o n s  f o r  t h e  s p a c e r s  t o  be  used d u r i n g  t h e  n e x t  5000 hours  of t h e  
e x p e r i m e n t .  The replacement  f u e l  e lement  specimen w i l l  c o n t a i n  a  p u r p o s e l y  
d e f e c t i v e  c l a d ;  hence,  t h e  c o n d i t i o n  of  t h e  c l a d  i n t e r i o r  is much more 
c r i t i c a l .  It  i s  f e l t  t h e  damage c u r r e n t l y  observed i s  due t o  t h e  i n h e r e n t l y  
b r i t t l e  n a t u r e  of t u n g s t e n  and n o t  because  of mishand l ing  d u r i n g  p r o c e s s -  
i n g .  Other  t h a n  t h i s  minor problem, no unusua l  problems were e n c o u n t e r e d  
d u r i n g  l o o p  f a b r i c a t i o n  and assembly.  
D e t a i l s  of t h e  assembly of t h e  v a r i o u s  subcomponents a r e  d e s c r i b e d  
i n  t h e  f o l l o w i n g  pa ragraphs .  
1. F u e l  T e s t  Specimen Capsule  Subassembly 
Components of t h e  f u e l  t e s t  subassembly a r e  shown i n  F i g u r e  5. A l l  
hardware,  i n c l u d i n g  t h e  f u e l  e lement  c l a d d i n g ,  i s  T-111 excep t  f o r  t h e  
Mo-TZM s p a c e r s .  These s p a c e r s  s e r v e  a  d u a l  purpose  i n  t h a t  t h e y  a l s o  
w i l l  be e v a l u a t e d  f o r  t h e i r  c o r r o s i o n  r e s i s t a n c e .  The end c a p s  and 
conta inment  t u b e  a r e  des igned  s o  t h a t  t h e  c a p s  f i t  i n s i d e  t h e  t u b e  about  
0 
F igu re  4. I s o m e t r i c  Drawing of 1900 F  Lithium Loop. 
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Figure 5. Components of Clad Fuel Element Specimen Capsule Subassembly - 1900 F Lithium Loop. 
Containment Tube, Caps and Specimen Clad: T-111 Spacers: Mo-TZM. 
o n e - q u a r t e r  i n c h  and b u t t  a g a i n s t  a  r e c e s s  (no t  v i s i b l e  i n  F i g u r e  5) on 
t h e  I D  of t h e  t u b e .  T h i s  was done t o  p reven t  t h e  end c a p s  from a p p l y i n g  
a  compress ive  l o a d  on t h e  f u e l  specimens  d u r i n g  we ld ing  s h r i n k a g e ;  i n s t e a d  
t h e  l o a d s  a r e  suppor ted  by t h e  s e a t  i n  conta inment  t u b e .  The f u e l  s p e c i -  
mens a r e  i n t e r l o c k i n g  i n  i . h a t  t h e  male end of one specimens  f i t s  i n t o  t h e  
f e m a l e  end of t h e  o t h e r  specimen.  The i n t e r l o c k i n g  f e a t u r e  of t h e  f u e l  
specimens  and Mo-TZM s p a c e r s  p r o v i d e s  t h e  n e c e s s a r y  uniform g a p  between 
t h e  f u e l  specimen and t h e  I D  of t h e  conta inment  t u b e  t o  produce t h e  
r e q u i r e d  5 f t / s e c  l i t h i u m  f l o w  i n  t h i s  t e s t  s e c t i o n .  I t  a l s o  f a c i l i t a t e s  
e a s y  relnoval of s e l e c t e d  specimens  a t  t h e  end of t h e  f i r s t  2500 h o u r s  
o p e r a t  i o n  f o r  rcplacemenl, w i t h  a  def e e t  i v e  c l a d  specimen.  S i n c e  t h e  - fuel  
s p e c i ~ e n s  a r e  s o l i d ,  a l l .  l i t h i u m  f l o w  i.s a long  t h i s  narrow a n n ~ ~ l u s  between 
t h e  specimen and t h e  conta inment  t u b c .  
T h i s  subassembly is  s i t u a t e d  v e r t i c a l l y  i n  t h e  loop,  t h e  bottom c a p  
belilg welded d i r e c t l y  t o  t h e  h e a t e r  assembly and t h e  t o p  c a p  welded t o  
t h e  t e n s i l e  s e c t i o n  d e s c r i b e d  I n  t h e  f o l l o w i n g  pa ragraph .  
2 .  T e n s i l e  T e s t  Specimen Subassembly 
Components of t h e  t e n s i l e  specimen subassembly a r e  shown i n  F i g u r e  
6 .  A l l  m a t e r i a l ,  excep t  t h e  specimens ,  i s  T-111 a l l o y .  T h i s  subassembly 
c o n s i s t s  of t h r e e  i n d i v i d u a l  specimen h o l d e r s  e a c h  of which c o n t a i n s  two 
(excep t  f o r  t h e  W-Re-Mo a l l o y )  0.040 i n c h  t h i c k  coupons h e l d  w i t h i n  c l o s e -  
f i t t i n g  s l o t s  on t h e  i n s i d e  and two specimens s t r a p p e d  t o  t h e  o u t s i d e  
f l a t s  shown i n  F i g u r e  7 .  The ~ - 2 5 ~ c - 3 0 ~ o * c o u ~ 1 o n s  a r e  on ly  0.020 i n c h  
t h i c k ;  t h e r e f  o r e ,  each  :;ifit c o n t a i n s  two coupons i n s t e a d  of one f 01. LI 
t o t a l  of f o u r  specimens i n  t h a t  p a r t i c u l a r  specinien h o l d e r .  The g a p  
b e t ~ v e e i ~  the " i n s i d e "  specimens  is  c o n t r o l l e d  t o  o b t a i n  t h e  d e s i r e d  
l i t h i u m  v e l o c i t y  of L O  f t / s e c  over  one s u r f a c e  of e a c h  coupon. The 
coupons s t r a p p e d  t o  t h e  o u t s i d e  of e a c h  specimen h o l d e r  w i l l  be used a s  
c o n t r o l  specimens s i n c e  t h e y  s e e  t h e  same t h e r m a l  h i s t o r y  a s  t h e  i n s i d e  
coupons but a r e  no t  exposed t o  l i t h i u m .  The h o l e s  i n  t h e  " i n s i d e "  
coupons,  ss shown i n  Figure 7,  a r e  f o r  l o c a t i n g  p i n s  t o  p reven t  movement 








Figure 6. Components of Tensile Test Specimen Subassembly - 1900 F Lithium Loop. 
Specimen Holder and Fittings: T-111. 

On August 8 ,  1969, a  h e a t  t r e a t m e n t  of one-half  hour  a t  3 6 0 0 ' ~  was 
s e l e c t e d  by NASA f o r  t h e  ASTAR 811C specimens.  The spe,cimens were sub-  
s e q u e n t l y  annealed i n  a n  ion-pumped vacuum f a c i l i t y  c a p a b l e  of a co ld  
-9 
w a l l  vacuum of 1 x 1 0  t o r r .  Chemical a n a l y s i s  of an ASTAR 811C 
specimen b e f o r e  and a f t e r  t h e  annea l  i n d i c a t e d  no major change i n  
i n t e r s t i t i a l  c o n c e n t r a t i o n s  a s  shown i n  Tab le  111 .  
The sequence of f a b r i c a t i o n  f o r  t h e  t e n s i l e  specimen subassembly 
was a s  f o l l o w s :  (1)  i n s e r t  i n s i d e  specimen coupons and l o c a t i n g  p i n s  
i n  each  of t h e  t h r e e  specimen h o l d e r s ,  (2)  weld t h e  t h r e e  h o l d e r s  
t o g e t h e r ,  and (3) weld t h e  end f i t t i n g  and blow-down t u b e  t o  t h e  
specimen h o l d e r s .  The completed subassembly is  shown i n  F i g u r e  8  . The 
"ou t s ide"  specimen coupons were a t t a c h e d  a f t e r  assembly welding of t h e  
v a r i o u s  subcomponents and w i l l  be inc luded  i n  t h e  postweld a n n e a l .  
The f i x t u r e s  a t  t h e  t o p  of t h e  end f i t t i n g  shown i n  F igure  6  are 
used t o  hang t h e  l o o p  i n  t h e  suppor t  s t r u c t u r e  d u r i n g  t e s t  o p e r a t i o n .  
The blow-down t u b e  is  used t o  a i d  removal of l i t h i u m  a t  t h e  complet ion 
of t h e  t e s t .  A l l  specimen coupons w i l l  be c u t  i n t o  s t a n d a r d  t e n s i l e  
t e s t  specimen a t  t h e  comple t ion  of t h e  7500 hours  of t e s t i n g  f o r  p o s t -  
t e s t  e v a l u a t i o n .  
3 .  C o r r o s i o n  T e s t  Specimen Subassembly 
A l l  components and specimens f o r  t h e  c o r r o s i o n  t e s t  specimen sub- 
assembly a r e  shown i n  F i g u r e  9. The p a r t s  shown were f a b r i c a t e d  from 
T-111 w i t h  t h e  e x c e p t i o n  of t h e  ASTAR 811C and ASTAR 811CN specimens.  
Because of raw m a t e r i a l  r e s t r i c t i o n s  f o r  t h e  ASTAR 811CN, i t  was nec- 
e s s a r y  t o  make e i g h t  d isc-shaped p i e c e s  and s t a c k  t h e s e  t o  be e q u i v a l e n t  
i n  l e n g t h  t o  one of t h e  ASTAR 8 1 1 C  and T-111 specimens.  A 0.020-inch 
T-111 w i r e  which was wound around t h e  c e n t e r  rod (two-inch pi t .ch)  l o  
improve flow c h a r a c t e r i s t i c s  and t o  a i d  i n  m a i n t a i n i n g  c o n c e n t r i c i t y  
i s  no t  shown i n  F i g u r e  9 .  Because of t h e  number of p a r t s  invo lved  and 
t h e  c l o s e  f i t s  i n v o l v e d ,  t h i s  was t h e  most d i f f i c u l t  subassembly t o  put  
t o g e t h e r .  The sequence of o p e r a t i o n s  was a s  f o l l o w s :  
a )  Weld t o p  a l ignment  f i x t u r e  t o  c e n t e r  rod 
b)  Weld bottom al ignment  f i x t u r e  t o  specimen conta inment  t u b e  
TABLE I11 
CHEMICAL ANALYSES O F  VACUUM 
ANNEALED ASTAR 8 1 1  C 
C o n c e n t r a t i o n ,  ppm 
Element B e f o r e  Anneal  A f t e r  Anneal  ( a >  
Oxygen (b) 
N i t r o g e n  ( b )  
Carbon ( c  > 237, 249 232, 270 
Hydrogen (b) 
- 6 ( " )one-ha l f  hour  a t  3600°F i n  vacuum 2 x 1 0  
t o r r  . 
(b)Vacuum Fusion A n a l y s i s  i n  d u p l i c a t e .  
( C ) ~ o m b u s t i o n  Conductometr ic  A n a l y s i s  i n  
d u p l i c a t e .  
Figure  8. T e n s i l e  T e s t  Specimen Subassembly - 1 9 0 0 ~ ~  Lithium Loop. 
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Figure 9. Components of Corrosion Specimen Subassembly - 1900 F Lithium Loop. 
All Components not Designated are T-111. 
c )  Spot weld 0 .020 i n c h  w i r e  t o  c e n t e r  rod  
d )  S l i p  c o n n e c t o r  o v e r  c e n t e r  rod 
e )  S l i p  specimens over  c e n t e r  rod 
f )  I n s e r t  specimens and c e n t e r  rod assembly i n t o  t h e  specimen 
conta inment  t u b e .  
g )  Weld specimen conta inment  assembly t o  c o n n e c t o r .  
h )  Weld c o n n e c t o r ,  end c a p s  and l i t h i u m  j a c k e t  t o  complete  assembly 
a s  shown i n  t h e  r i g h t  h a l f  of F i g u r e  1 0 .  
i )  F i n a l l y  t h e  e x t e n s i o n  t u b e ,  f i t t i n g ,  and t u b e s  t o  t h e  EM pump 
and s u r g e  t a n k  were welded a s  shown i n  t h e  l e f t  h a l f  of 
F igure  1 0 .  
T h i s  subassembly i s  des igned  s o  t h a t  t h e  l i t h i u m  i n  t h e  annu lus  between 
t h e  ID of t h e  specimens and t h e  c e n t e r  rod f l o w s  a t  1 0  f t / s e c .  Because 
of t h e  c l o s e  f i t  between t h e  OD of t h e  specimen and t h e  I D  of t h e  con- 
ta inment  t u b e  e s s e n t i a l l y  no f low o c c u r s  a t  t h i s  i n t e r f a c e .  Also,  t h c r e  
i s  a  3/8-inch g a p  between t h e  e x i t  of t h e  c o r r o s i o n  s e c t i o n  (bottom 
al ignment  f i x t u r e )  and t h e  bottom end cap ;  t h i s  a l l o w s  t h e  c a v i t y  between 
t h e  OD of t h e  specimen containment t u b e  and t h e  I D  of t h e  j a c k e t  t o  f i l l  
w i t h  e s s e n t i a l l y  s t a t i c  l i t h i u m .  The purpose of t h e  s t a t i c  l i t h i u m  
r e s e r v o i r  i s  t o  a i d  i n  t h e  h e a t  r e j e c t i o n  i n  t h i s  subassembly t o  p rov ide  
t h e  necessa ry  70°F t e m p e r a t u r e  g r a d i e n t  between t h e  l i t h i u m  e n t e r i n g  t h e  
c o r r o s i o n  specimen t e s t  s e c t i o n  and t h e  l i t h i u m  e x i t i n g .  
4 .  E l e c t r i c a l  R e s i s t a n c e  Hea te r  
The completed h e a t e r  subassembly c o n s i s t s  of two 3/8-inch-diameter 
t u b u l a r  T-111 c o i l s  welded t o  t a n t a l u m  e l e c t r o d e s .  I n  o r d e r  t o  i n c r e a s e  
l i t h i u m  v e l o c i t y  t o  t h e  d e s i r e d  1 0  f t / s e c ,  a  1 /8- inch-diameter  T-111 rod 
is  i n s e r t e d  i n s i d e  t h e  c o i l  windings .  A s  mentioned e a r l i e r ,  t h e  t o p  of 
t h i s  assembly i s  welded d i r e c t l y  t o  t h e  f u e l  e lement  test s e c t i o n .  The 
bottom e l e c t r o d e  i s  connected t o  a  3/8-inch-diameter T-111 t u b e  which i n  
t u r n  w i l l  be welded t o  t h e  e x i t  of t h e  EM pump. 
Figu re  10. Corrosion Specimen Subassembly, Extension Tube and F i t t i n g s  t o  EM Pump - 
1 9 0 0 ~ ~  Lithium Loop. 
C. ADVANCED TANTALUM ALLOY CAPSULE TESTS 
1. P o s t t e s t  E v a l u a t i o n  of L i th ium Thermal Convec t ion  Capsu les  
One ASTAR 811CN and two ASTAR 811C l i t h i u m  t h e r m a l  c o n v e c t i o n  
c a p s u l e s  s u c c e s s f u l l y  completed 5000 h o u r s  of  t e s t i n g  a t  2400°F. One 
ASTAR 811C c a p s u l e  was r e t a i n e d  f o r  p o s s i b l e  a d d i t i o n a l  t e s t i n g .  The 
c a p s u l e s  p r e s e n t l y  be ing  e v a l u a t e d  a r e  shown i n  F i g u r e  11 a f t e r  removal 
from t h e  t e s t  f a c i l i t y .  
a .  V i s u a l  Examination 
Examinat i o n  of t h e  e x t e r i o r  s u r f  a c e  of t h e  c a p s u l e s  i n d i c a t e d  sollle 
d i s c o l o r a t i o n  i n  t h e  hea ted  a r e a  of t h e  c a p s u l e s .  C l o s e r  examina t ion  
r e v e a l e d  ev idence  of v i t r i f i c a t i o n  of t h e  Be0 i n s u l a t o r s  and bonding t o  
t h e  c a p s u l e  s u r f a c e .  A t y p i c a l  c a p s u l e  a f t e r  removal of t h e  thermocouple ,  
i n s u l a t o r ,  and t a n t a l u m  f o i l  s t r a p  i n  t h i s  a r e a ,  i s  shown i n  F i g u r e  1 2 .  
I t  i s  b e l i e v e d  t h a t  t h e  d i s c o l o r a t i o n  i s  a  r e s u l t  of r e a c t i o n  of t h e  Be0 
i n s u l a t o r  w i t h  t h e  c a p s u l e  a t  t e m p e r a t u r e s  above 2400°F. These i n s u l a t o r s  
have been used e x t e n s i v e l y  a t  GE-NSP a t  t e m p e r a t u r e s  below 2 3 0 0 ° ~  w i t h o u t  
any ev idence  of r e a c t  i o n .  M e t a l l o g r a p h i c  technic lues  w i l l  be cmployed t o 
f u r t h e r  examine t h e  c a p s u l e  w a l l  i n  t h e  a r e a  where r e a c t i o n  was observed 
a l t h o u g h  t h e  d e p t h  can  be cons ide red  t o  be mininlal s i n c e  t h e  d i s c o l o r c ~ -  
t i o n  could  be removed by l i g h t  f i l i n g .  
P r i o r  t o  opening t h e  c a p s u l e s  r a d i o g r a p h s  were o b t a i n e d  t o  d e l i n e a t e  
t h e  p o s i t i o n  of  t h e  specimens and downcomer t u b e  i n  e a c h  c a p s u l e .  The 
r a d i o g r a p h s  r e v e a l e d  t h a t  t h e  downcomer t u b e s  i n  t h e  ASTAR 811CN c a p s u l e  
and one of t h e  ASTAR 811C c a p s u l e s  had f a l l e n  t o  t h e  bottom of t h e  
c a p s u l e .  From t h e  t e m p e r a t u r e  d a t a  o b t a i n e d  on t h e  c a p s u l e s  it i s  be- 
l i e v e d  t h a t  t h i s  occur red  on t h e  ASTAR 811C c a p s u l e  a f t e r  4500 hours  of 
t e s t i n g  had been accumulated and t h e  ASTAR 811CN c a p s u l e  i n  t h e  f i r s t  
500 hours  of t e s t i n g .  The downcomer t u b e  on t h e  ASTAR 811C c a p s u l e  
which was r e t a i n e d  f o r  f u r t h e r  t e s t i n g  was i n t a c t .  The t h e r m a l  d a t a  
from t h i s  c a p s u l e  was used f o r  t h e  f l o w  c a l c u l a t i o n s  p r e v i o u s l y  d e s c r i b e d .  (2 )  
( 2 ) ~ d v a n c e d  R e f r a c t o r y  A 1  loy  C o r r o s i o n  Loop Progranl, Q u a r t e r l y  LJrogress 
Report No. 17 f o r  Pe r iod  Ending J u l y  15 ,  1969,  NASA C o n t r a c t  NAS 3- 
6474, NASA-CR-72592. 
F i g u r e  11. ASTAR 811C and ASTAR 811CN Likhiurn Thermal Convection Capsules  A f t e r  
5000 Hours o f  T e s t i n g  a t  2400 F. 
F i g u r e  12. E x t e r i o r  of ASTAR 811C Capsule Showing t h e  Area Where Be0 I n s u l a t o r  Bonded t o  t h e  Capsule Wall. 
The c a p s u l e s  were s u b s e q u e n t l y  opened i n  a  g l o v e  box equipped w i t h  
a  r e c i r c u l a t i n g  a rgon  p u r i f i c a t i o n  sys tem c a p a b l e  of m a i n t a i n i n g  t h e  
a tmosphere  a t  l e s s  t h a n  1 ppm oxygen and l e s s  t h a n  1 ppm w a t e r  v a p o r .  
The t o p  of e a c h  c a p s u l e  was removed w i t h  a  t u b i n g  c u t t e r  and t h e  c a p s u l e s  
were wrapped w i t h  h e a t i n g  t a p e s  t o  mel t  t h e  l i t h i u m .  The specimens  were 
removed and t h e  l i t h i u m  t r a n s f e r r e d  t o  s e p a r a t e  s t a i n l e s s  s t e e l  sample 
t u b e s  f o r  r e t e n t i o n  f o r  chemica l  a n a l y s i s .  The specimens and c n l x u l e s  
were c l e a n e d  of r e s i d u a l  l i t h i u m  by r e a c t i o n  w i t h  l i q u i d  amittonin and 
r i n s e d  i n  d e i o n i z e d  w a t e r .  
The d i sassembled  c a p s u l e s  and specimens a r e  shown a f t e r  c l e a n i n g  
i n  F i g u r e s  1 3  and 1 4 .  The d i s t o r t i o n  which was observed i n  t h e  downcomer 
t u b e s  is  b e l i e v e d  t o  be a s s o c i a t e d  w i t h  t h e  f a c t  t h a t  t h e y  dropped t o  t h e  
bottom of t h e  c a p s u l e s  d u r i n g  t e s t i n g  t h e r e b y  i n h i b i t i n g  f l o w  of t h e  
l i t h i u m .  T h i s  t y p e  of d e f o r m a t i o n  was not  observed i n  t h e  downcomer t u b e  
of t h e  unopened ASTAR 811C c a p s u l e  r a d i o g r a p h s  of which showed t h e  down- 
comer t u b e  t o  be i n t a c t .  The d e s i g n  of t h e  downcomer t u b e  s u p p o r t  w i l l  
be modif ied  i n  f u t u r e  c a p s u l e  t e s t s  of t h i s  t y p e .  
b .  Weight Change Measurements 
The c l e a n e d  specimens were weighted immediately a f t e r  c l e a n i n g  and 
t h e i r  w e i g h t s  compared w i t h  p r e t e s t  w e i g h t s .  Except f o r  one specimen 
( R l ) ,  t h e  we igh t  change of which i s  b e l i e v e d  i n  e r r o r ,  a l l  specimens 
l o s t  weight  a s  shown i n  T a b l e  I V .  The weight l o s s e s  a r e  c o n s i s t e n t  w i t h  
m e t a l l o g r a p h i c  and chemical  a n a l y s i s  r e s u l t s  which w i l l  be d e s c r i b e d  
l a t e r  i n  t h i s  r e p o r t .  
c .  Bend T e s t s  
The 0 .040- inch t h i c k  t e s t  specimens c o n t a i n e d  i n  t h e  ASTAR 811C 
c a p s u l e  were b e n t  90° w i t h  t h e  weld f a c e  i n  t e n s i o n  a t  a  s t r a i n  r a t e  of 
0 .2  i n c h  p e r  minute  u s i n g  an a n v i l  w i t h  a  r a d i u s  of 0 .040  i n c h  ( I t ) ,  t o  
q u a l i t a t i v e l y  document t h e  e f f e c t s  of t h e  l i th iu i i l  exposure  on bend 
d u c t i l i t y .  Both p r e t e s t  and p o s t t e s t  specimens were bent  and t h e  r e s u l t s  
a r e  compared i n  Tab le  V .  A l l  specimens were d u c t i l e  e x c e p t  specinten 7 E ,  
An ASTAR 811C specimen which had been oxygen contaminated and welded 
p r i o r  t o  exposure  t o  l i t h i u m  a t  approximate ly  2 1 0 0 ' ~ .  The s l i g h t  weld 
Figure  13.  ASTAR 811C Li thium Thermal Convection Capsule Components Fol lowing 
5000 Hours Exposure t o  Flowing Li thium a t  2400'~.  
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F i g u r e  14.  ASTAR 811CN Li thium Thermal Convection Capsule Components Fol lowing 
5000 Hours Exposure t o  Flowing Li thium a t  2400'~.  
TABLE I V  
WEIGHT MEASURELENTS OF SPECIIKENS EXPOSED TO FLOWING LITHIUM FOR 5000 HOURS' 
LITHIUM THERMAL CONVECTION CAPSULE TESTS 
Oxygen Weight Weight 
Specimen Concen t ra t  ion, Specimen A f t e r  \Ve i g ht  Average Be£ o r e  
Number Specimen Condi t ion  P  Pm P o s i t  i o n  Temp, OF T e s t ,  g  T e s t ,  g  Change, mg 
T-111 Oxygen Contaminated (a) 
T-111 Oxygen Ccnt aminate (b) 
811C Oxygen Contaminated ?a )  
811C Oxygen Contaminated (b )  
S l l C  Oxygen Contaminated ( a )  
811C Oxygen Cont m'nated (b)  
811C A s  Received ?a) 
811C A s  Received(b)  
811C Rupture Specimen 
811C Rupture Specimen 







ASTAR 811C Capsule No. 3 
442 Bottom Level 
442 Bottom Level 
254 Bottom Level  
2  54 Bottom Level 
254 Top Level 
254 Top Level 
5  1 Middle Level  
5  1 Middle Level 
5  1 Middle Level 
5  1 Middle Level  
ASTAR 811CN Capsule No. 5  
89  Bottom Level 2400 12.6300 12.6266 - 3 . 4  
Bottom Level 2400 12.6686 12.6635 - 5 . 1  
Middle Level 2150 12.6146 12.6125 - 2 . 1  
Middle Level 2150 12.4220 12.4206 - 1 . 4  
Top Level 1975 12.5940 12.5881 - 5 . 9  
Top Level 1975 12.5216 12.5171 - 4 . 5  
( a )  Welded 
(b )  Welded and postweld annea led  a t  2400°F/1 hour 
TABLE V 
BEND TEST RESULTS OF SPECIMENS EXPOSED TO FLOWING LITHIUM FOR 5000 HOURS* 
LITHIUM THERMAL CONVECTION CAPSULE TESTS 
T9 87 .3  D u c t i l e  T-111 ( b )  442 
T10 91.8 D u c t i l e  T-111 (c )  442 
1E 125.0  D u c t i l e  ASTAR 8 1 1 C  (b) P 2  54 
2E 107.6  D u c t i l e  ASTAR 8 1 1 ~ ( ~ )  254 
PRETEST I 
O ~ Y  ge n  
Specimen Ul t imate  Bend Tes t  Specimen Concent r a t  i o n  
Number Load , lbs  ~ e s u l t s ( ~ ) C o n d i t i o n  PPm 
! 
1 E 125 .0  D u c t i l e  
POSTTEST 
Avg . 
Specimen Specimen Temp. U l t  ilnate Bend T e s t  
Number P o s i t i o n  OF Load, l b s  ~ e s u l t s ( " )  
2E 107.6  D u c t i l e  
5F 116.2  D u c t i l e  
6F 95.2  D u c t i l e  
ASTAR 811C (b) 254 
ASTAR 811C(C) 254 
ASTAR 811C (b) 5  1 
ASTAR 8 1 1 ~ " )  51 
Bottom l e v e l  2400 78 .3  D u c t i l e  
( a )  It bend a t  room tempera tu re  t o  a  bend a n g l e  of 90" a t  a  s t r a i n  r a t e  of 0 .2  i n / s e c .  
(b )  Welded 





T7 Bottom l e v e l  2400 8 1 . 8  D u c t i l e  
15E Bottom l e v e l  2400 93 .O D u c t i l e  
16E Bottom l e v e l  2400 102.6 D u c t i l e  
7E Top l e v e l  2  100 96.0 S l i g h t  
c r a c k i n g  
8E Top l e v e l  2100 101 .6  D u c t i l e  
1 F Middle l e v e l  2150 104.0  D u c t i l e  
Middle l e v e l  2150 8 7 . 3  D u c t i l e  
zone c rack ing  evidenced i n  t h i s  specimen is  shown i n  Figure 15 .  Specimen 
7E was not postwcld annealed but a  d u p l i c a t e  specimen t e s t e d  under the 
same cond i t i ons  (specimen BE) which was annealed (2400°F/1 h r )  relnained 
d u c t i l e  a f t e r  exposure t o  l i t h i u m .  Specimen 15E which was i n  t h e  same 
cond i t i on  a s  specimen 7E but t e s t e d  a t  an average temperature  of 2 4 0 0 ' ~  
was d u c t i l e .  
Also shown i n  Table V is  t h e  f a c t  t h a t  l i t h i u m  exposure reduced 
t h e  s t r e n g t h  of l i t h i u m  exposed specimens a s  compared t o  t h e  s t r e n g t h  
of t h e  unexposed specimens. 
d .  Stress-Rupture  T e s t s  
The s i x  ASTAR 811CN s t r e s s - r u p t u r e  specimens which w e r e  exposed 
t o  l i t h i u m  i n  ASTAR 811CN Capsule No. 5  and two specimens i n  t h e  p r e t e s t  
cond i t i on  were s t r e s s  rup tu re  t e s t e d  t o  produce rup tu re  i n  100 lnot~rs at  
2400°F. D i f f i c u l t y  was encountered i n  t h e  s e l e c t i o n  of a  proper  s t r e s s  
which would produce rup tu re  i n  100 hours a t  2400°F. A s t r e s s  of 20,000 
p s i  was f i n a l l y  s e l e c t e d  and specimens were t e s t e d  u n t i l  f r a c t u r e  r e s u l t e d .  
The r e s u l t s  of t h e  s t r e s s - r u p t u r e  t e s t i n g  a r e  t a b u l a t e d  i n  Table  V I  and 
schemat ica l ly  i n  F igure  16 showing t h e  r e s p e c t i v e  l o c a t i o n s  of t h e  
samples w i t h i n  t h e  c a p s u l e .  The r e s u l t s  of t h e  s t r e s s - r u p t u r e  t e s t i n g  
show t h a t  a  r educ t ion  of s t r e n g t h  i s  observed a f t e r  exposure t o  l i t h i u m .  
A comparison of t h e  average rup tu re  l i f e  of p r e t e s t  specimens 7 and 8 
t e s t e d  a t  20,000 p s i ,  and t h e  rup tu re  l i v e s  of specimens 2,  3 and 6,  
a l s o  t e s t e d  a t  20,000 p s i  i n d i c a t e s  a  decrease  i n  stress rup tu re  l i f e  
a s  t h e  l i t h i u m  exposure temperature  i n c r e a s e s .  Based on chemistry 
r e s u l t s ,  which w i l l  be d i scussed  l a t e r ,  t h i s  decrease  i n  s t r e n g t h  is 
a s soc i a t ed  wi th  a  t ime a t  temperature  r e l a t i o n s h i p  r a t h e r  than  l o  any 
mass t r a n s f e r  of i n t e r s t i t i a l  e lements  o r  s i g n i f i c a n t  l i t h i u m  a l tnc l r .  
e .  Chemical Analys i s  
Weld zone and hea,t a f f e c t e d  zone-parent metal s e c t  i o n s  were c u t  
from t h e  ASTAR 811C and T-111 a l l o y  bend specimens exposed t o  f lowing 
l i t h i u m  i n  ASTAR 811C Capsule No. 3 .  The specimens were analyzed f o r  
oxygen, n i t r o g e n  and hydrogen by t h e  vacuum f u s i o n  technique  and f o r  
carbon by t h e  combustion conductometr ic  technique .  The a n a l y t i c a l  
Figure  15. ASTAR 811C Bend Specimen Which Has Been Oxygen Contaminated and 
Welded P r i o r  t o  Exposure t o  Lithium a t  Approximately 2100 '~  f o r  
5000 Hours, The Specimen was Bent 90' a t  It, Subsequent Metal- 
lographic  Examination Ind ica t ed  t h e  Cracks were Associated wi th  
Lithium Attack. 
TABLE VI 
STRESS RUPTURE LIFE OF ASTAR 811CN SPECIMENS BEFORE AND AFTER EXPOSURE TO FLOWING LITHIUhI FOR 5000 HOURS 
ASTAR 811CN LIT HI^^ TmMIAL CONVECTION CAPSULE NO. 5 
Specimen Vacuum Level s t r e s s  ( a )  Rupture  if e (b) Elong . Specimen Average Lithium 
Number Condition ( X L O - ~  ~ o r r )  ( k s i )  (h r s  1 ( Posi t  i o n  Temperature, O F  
1 p o s t t e s t  2.4 25 .0  3 .7  51.0 Bottom l e v e l  2400 
2 p o s t t e s t  1 . 4  20 .O 50.3 47.0 Bottom l e v e l  2400 
3 p o s t t e s t  0 .8  20 . O  100.8 38.0 Middle l e v e l  2 150 
4 p o s t t e s t  1 . O  20 .O  5 .3  50.0 Middle l e v e l  2150 
5 p o s t t e s t  2 .O 13 .0  100.2 (R) 0.7 Top l e v e l  1975 
W 
-P 5 p o s t t e s t  5 .O  20 .O 247.4 49.0 Top l e v e l  1975 
6 p o s t t e s t  2.4 20 . O  120.2 43.0 Top l e v e l  
7 p r e t e s t  3 .8  13  .O 100.5 (R) 0 .5  - 
7 p r e t e s t  3 .6  20 .O 158.3 34 .O - 
8 p r e t e s t  2 .O 13  . O  200.1 (R) 0.8 - 
8 p r e t e s t  7 .2  20 . O  171.3 32 .O - 
( a )  A l l  t e s t s  performed a t  2400°F 
(b) (R)  i n d i c a t e s  removal a t  time spec i f i ed  
Specimen Number 5 
Stress-Rupture 
Specimen Number 6 
100 h r s  247.4 h r s  
Stress-Rupture 
S t r e s s  20 k s i  ppm Rupture During Second Loading 
L i fe  120.2 h r s  
Elongation 43.0% 
Rupture 
Specimen Number 4, Specimen Number 3 
Stress-Rupture Stress-Rupture 
S t r e s s  20 k s i  
5 .3 h r s  C 206 ppm St ress  20 k s i  Life  0 10 ppm Li fe  100.8 h r s  
Elongation 50.0% N 30 ppm Elongation 38% 
Rupture H <1 ppm Rupture 
Specimen Number 2 Specimen Number 1 
Stress-Rupture Gstry Stress-Rupture 
S t r e s s  
L i fe  50.3 h r s  \C 189 ppm S t r e s s  25 k s i  
Elongation 47.0% , 0 7 ppm L i f e  3.7 h r s  
Rupture I N 4 ppm Elongation 51% H < I  ppm Rupture 
P r e t e s t  Specimen Number 8 Pre tes t  Specimen Number 7 
S t ress  13 k s i  S t r e s s  13 k s i  20 k s i  
L i fe  200.1 h r s  171.3 h r s  
Elongation 0.8% 32.0% 
Rupture During Second Loading 
Figure 16. Stress-Rupture and Chemical Analysis Resul ts  of Specimens i n  ASTAR 811CN 
Capsule No. 5 After  5000 Hours Exposure t o  Flowing Lithium. S t ress -  
Ruptute Tests  were Performed a t  2 4 0 0 ~ ~ .  
r e s u l t s  a r e  p r e s e n t e d  i n  Tab le  V I I  and t h e  averaged r e s u l t s  a r e  shown 
s c h e m a t i c a l l y  i n  F i g u r e  1 7  t o  i n d i c a t e  t h e  p o s i t i o n  of t h e  specimen 
d u r i n g  t e s t i n g .  The oxygen c o n c e n t r a t i o n  of a l l  specimens  was reduced  
t o  1 0  ppm o r  l e s s  r e g a r d l e s s  of whether  t h e  specimens were a t t a c k e d  by 
l i t h i u m .  T h i s  oxygen d i s s o l u t i o n  e f f e c t  h a s  been observed i n  o t h e r  re- 
f  r a c t o r y  m e t a l - a l k a l i  me ta l  s y s t e m s .  (3) The mass t r a n s f e r  of n i t r o g e n  
from t h e  h o t t e s t  specimens  a t  t h e  bottom l e v e l  of t h e  c a p s u l e  t o  t h o s e  
a t  t h e  t o p  is  e v i d e n t  whereas  t h e  changes  i n  ca rbon  c o n c e n t r a t i o n  a r e  
more s u b t l e  . 
Very s i m i l a r  a n a l y t i c a l  r e s u l t s  shown i n  Tab le  V I I I  were o b t a i n e d  
on ASTAR 811CN s t r e s s  r u p t u r e  specimens  exposed i n  ASTAR 811CN Capsu le  
No. 5. Only t h e  r e s u l t s  o b t a i n e d  on t h e  specimens b e f o r e  s t r e s s - r u p t u r e  
t e s t i n g  shou ld  be c o n s i d e r e d  i n  e x p l a i n i n g  t h e  e f f e c t s  of l i t h i u m  e x p o s u r e .  
The a n a l y s i s  of t h e  t e s t e d  s t r e s s  r u p t u r e  specimens i s  i n f l u e n c e d  by con-  
t a m i n a t i o n  of t h e  specimens  d u r i n g  s t r e s s  r u p t u r e  t e s t i n g ,  a l t h o u g h  a l l  
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t h e  t e s t s  were performed i n  vacuums i n  t h e  1 0  t o r r  r a n g e .  S t r e s s  
r u p t u r e  t e s t i n g  a t  t h i s  vacuum l e v e l  must no t  exceed 100 h o u r s  t o  p r e v e n t  
c o n t a m i n a t i o n  which could  e f f e c t  t h e  accuracy  of t h e  t e s t  r e s u l t s .  The 
specimens  w i t h  oxygen c o n c e n t r a t i o n s  o v e r  100 ppln were a l l  t e s t e d  o v e r  
100 h o u r s .  A s  a n  example, ASTAR 811CN Specimen 8, w i t h  an  oxygen con- 
c e n t r a t i o n  of 276 ppm, was t e s t e d  f o r  370 h o u r s  (Table V I ) .  
Chemical a n a l y s i s  was o b t a i n e d  on c a p s u l e  w a l l  segments  a d j a c e n t  
t o  t h e  specimens .  The r e s u l t s  f o r  t h e  ASTAR 811C c a p s u l e  a r e  p r e s e n t e d  
i n  T a b l e  I X .  Mass t r a n s f e r  of ca rbon  a s  w e l l  a s  n i t r o g e n  and oxygen from 
t h e  h o t t e s t  p o r t i o n  of t h e  c a p s u l e  t o  t h e  c o o l e r  end i s  more e v i d e n t  i n  
t h e  a n a l y t i c a l  r e s u l t s  f o r  t h e  c a p s u l e  m a t e r i a l  t h a n  p r e v i o u s l y  d e s c r i b e d  
r e s u l t s  f o r  t h e  specimens  suspended i n  t h e  c a p s u l e .  Chemist ry  changes  i n  
t h e  c a p s u l e  w a l l  a r e  of more i n t e r e s t  s i n c e  t h e  c a p s u l e  w a l l  b e t t e r  simu- 
l a t e s  l i t h i u m  conta inment  p i p i n g  i n  a  s p a c e  power sys tem.  
The chemical  a n a l y s i s  of ASTAR 811CN c a p s u l e  w a l l  m a t e r i a l ,  t h e  
r e s u l t s  of which a r e  shown i n  Tab le  X ,  a r e  somewhat d i f f e r e n t  from t h o s e  
observed on t h e  ASTAR 8 1 1 C  c a p s u l e .  Oxygen and n i t r o g e n  mass t r a n s f e r  
( 3 ) H a r r i s o n ,  R. W . ,  " ~ o r r o s i o n  of Oxygen Contaminated Tantalum i n  N ~ K ,  " 
T o p i c a l  Report  1, NASA C o n t r a c t  NAS 3-10610, January  1969, GESP-138. 
TABLE V I  I 
CHEMICAL ANALYSES OF ASTAR 811C AND T-111 ALLOY SPECIMENS BEFORE AND AFTER 





OF Specimen Condi t ion  
T-111 oxygen contaminated ( a )  
P r e t e s t  
T-111 oxygen contaminated ( a  
P o s t t e s t  
T-111 oxygen contaminated ( b )  
P o s t t e s t  
811C oxygen contaminated ( a )  
P r e t e s t  
811C oxygen contaminated ( a )  
P o s t t e s t  
811C oxygen contaminated ( b )  
P o s t t e s t  
811C oxygen contaminated ( a )  
P o s t t e s t  
811C oxygen contaminated ( b )  
P o s t t e s t  
Chemical 
Analyses  
Locat i o n  
Weld nugget 
HAZ - PM(C) 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
Weld nugget 
HAZ - PM 
C o n c e n t r a t i o n ,  ppm 
C 0 N H 
- 811C noncontaminated Not welded 290,332 43,59 9 ~ 8  1 ~ 1  
P r e t e s t  
1F 2150 811C noncont aminated Weld nugget 260,261 5 , 4  2 1 , l l  < 1 ( a >  
P o s t t e s t  HAZ - Ph4 303,313 132 1 2 , 1 5  < 1 
3F 2150 8 1  1C noncont aminated Weld nugget 245,241 331 g Y 6  < 1 (b)  
P o s t t e s t  HAZ - F'M 285,306 < 1 9 , lO < 1 
( a )  Welded 
( b )  Welded and postweld annea led  a t  2400°F/1 h r  
( c )  Heat a f f e c t e d  zone - P a r e n t  me ta l  
( d )  D u p l i c a t e  a n a l y s i s  
Oxygen Contaminated 
ASTAR 811C A l l o y  
As -Welded 
C 257 pprn 
0 9 DDm 
Oxygen Contamina ted  
/ ASTAR 811C A l l o y  1Veldecl + Pos tweld  Anneal  
. . 
N 26 ppm N 5 0 p p m  
H 1 ppm H < 1 ppnl 
Noncontaminated 
ASTAR 811C A l l o y  
Welded + Pos tweld  Anneal  Noncontaminated 
ASTAR 811C A l l o y  C 270 pprn R u p t u r e  Specimen 
0 2 ppm 
Noncontaminated R e t u r n e d  t o  NASA N 9 pprn 
H < 1  ppm ASTAR 811C A l l o y  
R u p t u r e  Specimen 
R e t u r n e d  t o  NASA 
Oxvaen Contaminated 
0 3 ppni 
As-Welded As-Welded 
C 5 7 p p m  C 303  ppni 
0 366 pprn 0 211  ppni 
.r m -. ~. .. 
N 9 ppm 
H < l  pprn 
n : ~ p p e  
H c l  pprn 
F i g u r e  17.  Chemical A n a l y s i s  Resul t s  of Specimens i n  ASTAR 811C Capsule  No. 3 A f t e r  
5000 Hours Exposure t o  Flowing Li th ium.  
TABU V I I I  
CHEMICAL ANALYSES OF ASTAR 811CN SPECIMENS EXPOSED TO FLOWING LITHIUM FOR 5000 HOURS 















P r e t e s t  
Bottom 





P r e t e s t  
P r e t e s t  
BEFORE STRESS RUPTURE TESTING 
Concen t ra t  i o n ,  ppm 
D u p l i c a t e  Analyses  Average Analyses  
C  0 N H C 0 N H 
AFTER STRESS RUPTURE TESTING (b) 
S .R.  
T e s t  
Hours ( a >  
( a )  T o t a l  t ime  a t  s t r e s s  r u p t u r e  t e m p e r a t u r e  
( b )  A l l  s t r e s s - r u p t u r e  tests performed a t  2 4 0 0 ' ~  
TABLE I X  
CHEMICAL ANALYSES OF ASTAR 811C ALLOY CAPSULE WALL XMTERIAL 
AFTER 5000 HOURS EXPOSURE TO FLOWING LITMIU111 
LITHIUM THERMAL CONVECTION CAPSULE NO. 3 
Concentra t  i o n ,  ppm 
Average D u p l i c a t e  Analyses Average Analyses  
Specimen Loca t ion  Temp, OF C 0 N iI C 0 
- 
N K 
- -- - -  
P r e t e s t  M a t e r i a l  290,332 43 ,59  9 , 8  1 , 1 311 5 1 9 1 
P o s t t e s t  - Lower Level  2400 203,230 6 , 6  5 , 7  < 1 2 17 6 6 < l  
P o s t t e s t  - Middle Level  2150 225,269 71 ,67  14,14 < 1 247 69 1 4  < 1 
P o s t t e s t  - Upper Level  2100 303,290 119,129 56,62 l Y 1  297 124 5 9 1 
TABLE X 
CHEMICAL ANALYSES OF ASTAR 811CN ALLOY CAPSULE W.4LL XL4TERIAL 
AFTER 5000 HOURS OF EXPOSURE TO FLOWING LITHIUM 
LITHIUM THERMAL CONVECTION CAPSULE NO. 5 
Concentrat  ion. DDm 
Average Duplicate  Analyses Average Analyses 
Specimen Locat ion  Temp, OF C 0 N H C 0 N H 
P r e t e s t  Ma te r i a l  152,174 91,87 113,101 < 1 163 89 107 < 1 
P o s t t e s t  - Lower Level 2400 199,182 5 , 3  3 ~ 4  1 ~ 1  191 4 4 1 
P o s t t e s t  - Middle Level 2150 180,183 50,49 58,68 l Y 1  182 5 0 6 3 1 
C- 
P P o s t t e s t  - Upper Level 1975 169,160 129,113 151,124 < 1 165 121 136 < 1 
a r e  s i r t i i l a r  but  l e s s e r  i n  e x t e n t  whereas  mass t r a n s f e r  of ca rbon  from 
t h e  hot  t o  c o l d  end of t h e  c a p s u l e  i s  no t  e v i d e n c e d .  I t  i s  b e l i e v e d  
t h a t  t h e  observed d i f f e r e n c e s  c a n  be a t t r i b u t e d  t o  t h e  l i t h i u m  f l o w  i n  
t h e  ASTAR 811CN c a p s u l e  which was obscured by t h e  p o s i t i o n  of t h e  down- 
comer t u b e  on t h e  bottom of t h e  c a p s u l e .  Flow i n  t h i s  c a p s u l e  was 
observed t o  be i n t e r m i t t e n t  i n  n a t u r e ,  s w i r l i n g  u p  and down t h e  a n n u l a r  
s p a c e  between t h e  c a p s u l e  and downcomer t u b e .  T h i s  d i f f e r e n c e  i n  f l o w  
between t h e  c a p s u l e s  i s  f u r t h e r  d e s c r i b e d  i n  t h e  t e m p e r a t u r e  d i f f e r e n c e s  
observed between t h e  hot  and c o l d  end of t h e  c a p s u l e s .  The AT obse rved  
i n  t h e  ASTAR 811C c a p s u l e  w i t h  f l o w  o c c u r r i n g  a s  i n d i c a t e d  i n  t h e  c a p s u l e  
schemat ic  i n  F i g u r e  17  was 300°F a s  compared t o  t h e  AT i n  t h e  ASTAR 811CN 
c a p s u l e  w i t h  l i m i t e d  l i t h i u m  f low,  425OF. I t  i s  t h e r e f o r e  p r o j e c t e d  t h a t  
i t  i s  n e c e s s a r y  t o  conduct  t e s t s  i n  f lowing  a l k a l i  m e t a l s  t o  a s c e r t a i n  
t h e  s t a b i l i t y  of i n t e r s t i t i a l  s t r e n g t h e n e d  a l l o y s .  
f  . M e t a l l o g r a p h i c  Examination 
T r a n s v e r s e  s e c t i o n s  of ASTAR 811C and T-111 a l l o y  bend specimens 
from ASTAR 811C Capsule  No. 5  were examined t o  de te rmine  t h e  e f f e c t s  of 
t h e  l i t h i u m  exposure  on t h e  m i c r o s t r u c t u r e  of e a c h  a l l o y  a s  a  f u n c t i o n  
of oxygen c o n c e n t r a t i o n  and specimen c o n d i t i o n  i . e .  welded,  welded and 
postweld a n n e a l e d .  
The most e x t e n s i v e  l i t h i u m  a t t a c k  was observed i n  t h e  ASTAR 811C 
specimens which had been oxygen contaminated and exposed i n  t h e  a s -  
welded c o n d i t i o n .  The m i c r o s t r u c t u r e  of s u c h  a n  ASTAR 811C specimen 
i s  compared w i t h  t h a t  of a  T-111 specimen i n  t h e  same c o n d i t i o n  i n  
F i g u r e  1 8 .  Both specimens  were exposed t o  f l o w i n g  l i t h i u m  a t  a11 a v e r a g e  
t e m p e r a t u r e  of 2 4 0 0 ' ~  i n  t h e  bottoni l e v e l  of ASTAR 811C Capsule  No. 3 .  
The l i t h i u m  a t t a c k  i n  t h e  ASTAR 811C specimen is g r e a t e s t  i n  t h c  hea t  
a f f e c t e d  zone a d j a c e n t  t o  t h e  we ld .  P l a t e l e t  t y p e  a t t a c k  a c r o s s  s p e c i f i c  
c r y s t a l l o g r a p h i c  p l a n e s  a s  w e l l  a s  i n t e r g r a n u l a r  p e n e t r a t i o n  was o b s e r v e d .  
T h i s  t y p e  of c o r r o s i o n  i s  t y p i c a l  i n  r e f r a c t o r y  a l l o y s  exposed t o  l i t h i u m  
when s u f f i c i e n t  oxygen i s  i n  s o l u t i o n  i n  t h e  meta l  t o  combine w i t h  t h e  
l i t h i u m  r e s u l t i n g  i n  a t t a c k .  ( 4 y 5 )  The observed a t t a c k  a l o n g  c r y s t a l -  
( 4 ) ~ a r r i s o n ,  R.  W . ,   he E f f e c t s  of Welding Atmosphere P u r i t y  on t h e  
Li th ium C o r r o s i o n  R e s i s t a n c e  of R e f r a c t o r y  A l l o y s , "  p r e s e n t e d  a t  t h e  
Symposium on C o r r o s i o n  by L iqu id  Meta l s ,  P h i l a d e l p h i a ,  Pa .  October  13, 
1969, p r o c e e d i n g s  t o  be pub l i shed  by Plenum P r e s s .  
(5 )Har r i son ,  R .  W . ,  and Hoffman, E .  E . ,   he C o m p a t i b i l i t y  of R e f r a c t o r y  
Meta l s  w i t h  L i q u i d  ~ e t a l s  , ' I  R e f r a c t o r y  Metal  Al loy  Meta l lu rgy  and 
Technology,  Plenum P r e s s ,  N . Y . ,  1968, p .  251.  
ASTAR 811C + 211 PPM OXYGEN 
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Figure 18. Corrosion in Welded ASTAR 811C and T-111 Oxygen Contaminated Specimens Following 
5000 Hour Exposure to Flowing Lithium at 2400'~. 
Etchant: 30g NH4F - 20 ml H N 0 3  - 50 ml H20 7 5X 
l o g r a p h i c  p l a n e s ,  which a r e  b e l i e v e d  t o  be r i c h  i n  oxygen, e x t e n d s  t o  
a  d e p t h  of 1 5  m i l s  whereas i n t e r g r a n u l a r  c o r r o s i o n  e x t e n d s  th roughout  
t h e  e n t i r e  specimen t h i c k n e s s .  I n  comparison,  a t t a c k  i n  t h e  T-111 a l l o y  
specimen was observed i n  t h e  weld zone on ly  and was much l e s s  e x t e n s i v e .  
Cons ider ing  t h a t  t h e  oxygen c o n c e n t r a t i o n  i n  t h e  T-111 a l l o y  specimen 
b e f o r e  exposure  was much g r e a t e r  t h a n  t h a t  of t h e  ASTAR 811C specimen 
t h e  d i f f e r e n c e s  i n  observed a t t a c k  a r e  s u r p r i s i n g .  Undoubtedly t h e  
d i f f e r e n c e s  can be a t t r i b u t e d  t o  t h e  d i f f e r e n c e s  i n  t h e  hafnium con- 
c e n t r a t i o n s  i n  t h e s e  a l l o y s ,  0 .7% Hf i n  t h e  ASTAR 811C a l l o y  and 2% Hf 
i n  t h e  T-111 a l l o y .  The r e l a t i o n s h i p  between t h e  amount of g e t t e r  
a l l o y  a d d i t i o n s  t o  r e f r a c t o r y  m e t a l s  and t h e i r  s u s c e p t i b i l i t y  t o  l i t h i u m  
a t t a c k  has  been w e l l  e s t a b l i s h e d .  (6) The s m a l l e r  hafnium a d d i t i o n  i n  
t h e  ASTAR 811C a l l o y  whi le  having c o n s i d e r a b l e  advan tages  i n  improving 
t h e  h igh  t e m p e r a t u r e  c r e e p  s t r e n g t h  of t h e  a l l o y  h a s  c o n s i d e r a b l e  d i s -  
advan tages  i n  r e d u c i n g  t h e  a l l o y s  c o r r o s i o n  r e s i s t a n c e  t o  l i t h i u m .  A 
more d r a m a t i c  i n d i c a t i o n  of t h i s  was observed i n  t h e  uncontaminated 
ASTAR 811C specimen exposed t o  f lowing  l i t h i u m  i n  t h e  as-welded c o n d i t i o n .  
The oxygen c o n c e n t r a t i o n  of t h i s  specimen b e f o r e  exposure  was on ly  50 ppm. 
P o s t t e s t  m e t a l l o g r a p h i c  examina t ion  of t h i s  specimen i n d i c a t e d  l i t h i u m  
a t t a c k  i n  t h e  h e a t  a f f e c t e d  zone a d j a c e n t  t o  t h e  weld of 6  m i l s  d e p t h  
a s  shown i n  F i g u r e  1 9 .  Cor ros ion  i n  a welded r e f r a c t o r y  a l l o y  c o n t n i n -  
i n g  such  a  s m a l l  amount of oxygen imposes c o n s i d e r a b l e  r e s t r a i n t s  on 
system f a b r i c a t i o n .  
P r e l i m i n a r y  m e t a l l o g r a p h i c  ev idence  h a s  i n d i c a t e d  postweld a n n e a l -  
i n g  ( 1  hour a t  2 4 0 0 ' ~ )  of welded specimens has  e l i m i n a t e d  l i t h i u m  a t t a c k .  
The a b i l i t y  of postweld a n n e a l i n g  t o  p reven t  a t t a c k  i s  d i r e c t l y  r e l a t e d  
t o  t h e  amount of oxygen t h a t  w i l l  combine w i t h  t h e  g e t t e r  a l l o y  a d d i t i o n  
i n  r e f r a c t o r y  a l l o y s .  S to ich iomet ry  i n d i c a t e s  t h e  f o l l o w i n g :  
Maximum Oxygen C o n c e n t r a t i o n  P o s s i b l e  
Combined a s  Z r 0 2  o r  Hf02 
Al loy  PPm 
- Atomic (%) 
Cb-1Zr (1% Z r )  3500 2 .02 
T-111 (2% Hf) 3580 3 .97 
ASTAR 811C (0.7% Hf) 1250 1 .38 
ASTAR 811CN (1% H f )  1790 1 .98 
( 6 ) ~ i ~ t e f  ano,  J .  R .  and Litman, A .  P . ,  " ~ f f e c t s  of I m p u r i t i e s  i n  Sollie 
R e f r a c t o r y  Metal -Alkal i  Metal  Systems, ' I  Corros ion ,  December 1961, 
p. 3 9 2 t .  
Depth 
of 
A t t a c k  
6 m i l s  
As-Polished 
Depth 
o f  
A t t a c k  
6 m i l s  
Etched 30NHqF-20HN03-50H20 
F i g u r e  19.  Cor ros ion  i n  Welded ASTAR 811C Containing 50 ppm Oxygen P r i o r  
Exposure t o  Flowing Li thium f o r  5000 Hours a t  2100'~.  
Based on Cb-1Zr t echnology ,  oxygen c o n c e n t r a t i o n s  i n  c o n s i d e r a b l e  
e x c e s s  of t h e  above l e v e l s  would r e n d e r  t h e s e  a l l o y s  s u s c e p t i b l e  t o  
l i t h i u m  a t t a c k  r e g a r d l e s s  of t h e  h e a t  t r e a t m e n t  . 
I V .  FUTURE PLANS 
A .  Cont inue o p e r a t i o n  of t h e  T-111 Rankine System C o r r o s i o n  T e s t  Loop. 
B .  Complete e v a l u a t i o n  of t h e  ASTAR a l l o y  specimens  from t h e  l i t h i u m  
the rmal  convec t  i o n  c a p s u l e s .  
C .  Cont inue t e s t  irlg t h e  r e f  l u x i n g  potass ium c a p s u l e  t e s t s  of ASTAR 
811C a l l o y .  
D.  Complete f a b r i c a t i o n  and i n s t r u m e n t a t i o n  of t h e  1900°F L i th ium 
Loop. 

V .  APPENDIX 
CALIBRATION OF ~ - 3 ~ e / ~ - 2 5 R e  THERMOCOUPLE WIRE 
C a l i b r a t i o n  of t h e  thermocouple  w i r e  used on t h e  T-111 Rankine 
System C o r r o s i o n  Tes t  Loop was conducted i n  a  high-vacuum environment  
w i t h  sample thermocouples  made from t h e  same s p o o l s  of w i r e  which were 
used t o  i n s t r u m e n t  t h e  l o o p .  T h i s  i s  t h e  same w i r e  used t o  ins t rument  
t h e  Cb-1Zr Rankine System C o r r o s i o n  T e s t  Loop. A complete  d e s c r i p t i o n  
of t h e  a p p a r a t u s  used ,  p rocedures ,  and t e s t  r e s u l t s  h a s  been p r e v i o u s l y  
r e p o r t e d .  (1 )  
The c a l i b r a t i o n  was conducted i n  a  vacuum f u r n a c e  chamber c o n s t r u c t -  
ed e s p e c i a l l y  f o r  t h e  purpose .  A s k e t c h  of t h i s  u n i t  i s  shown i n  F i g u r e  2 0 .  
It  c o n s i s t s  of a  6-inch-OD t u b e  approx imate ly  2 f e e t  i n  l e n g t h  w i t h  
a p p r o p r i a t e  high-vacuum f l a n g e s  t o  p rov ide  a c c e s s  t o  e i t h e r  e n d .  A 
t o t a l  of seven  1 . 5 - i n c h  p o r t s  were provided f o r  power and thermocouple  
l e a d  f e e d t h r o u g h s .  An i s o t h e r m a l  b lock ,  2 . 6 - i n c h  OD and 1 5  i n c h e s  l o n g  
and made of Mo-TZM a l l o y ,  was mounted v e r t i c a l l y  i n  t h e  c e n t e r  of t h e  
chamber.  Var ious  components of t h e  c a l i b r a t i o n  sys tem a r e  shown i n  
F i g u r e  21 .  Thermocouples t o  be c a l i b r a t e d  were i n s t a l l e d  i n  a  0 . 5 - i n c h  
h o l e  d r i l l e d  a l o n g  t h e  a x i s  of t h e  b lock  approx imate ly  7  i n c h e s  deep  
from t h e  lower end .  A s i m i l a r  h o l e  was provided from t h e  t o p  end of 
t h e  b lock  w i t h  a  0 .25- inch web between t h e  bottoms of t h e  two h o l e s .  
The upper  h o l e  was used f o r  o p t i c a l  pyrometer r e a d i n g s  of b lock  temper-  
a t u r e .  S tandard  r e f e r e n c e  P t /~ t -1ORh thermocouples  were i n s t a l l e d  i n  
t h e  bottom h o l e  t o g e t h e r  w i t h  t h e  W-3~e/W-25~e thermocouples  t o  be 
c a l i b r a t e d .  The o p t i c a l  pyrometer and t h e  Pt/Pt-1ORh thermocouples  
were  used a s  independent  means of measur ing i s o t h e r m a l  b l o c k  t e m p e r a t u r e s .  
The i s o t h e r m a l  b l o c k  was hea ted  by means of a  s p l i t  c y l i n d r i c a l  
r e s i s t a n c e  e lement  made f rom 0.005- inch- thick t a n t a l u m  f o i l .  The e lement  
was suppor ted  on t h e  450-amp f e e d t h r o u g h s  s o  t h a t  i t  was c o n c e n t r i c  w i t h  
\ J - I  E .  E .  Hoffman and J. Holowach, Potass ium C o r r o s i o n  T e s t  Loop Development 
T o p i c a l  Report  No. 7  ( C o n t r a c t  NAS 3-2547) GESP-216, R67SD3016 (May, 1 9 6 8 ) .  
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Figure  20. Vacuum Furnace f o r  Ca l ib ra t i ng  W-3Re/W-25Re Thermocouple Wire. 
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Figure 21. Components of Thermocouple Calibration Vacuum Furnace Before Assembly. 
(C65012206) 
t h e  i s o t h e r m a l  b l o c k .  C y l i n d r i c a l  r a d i a t i o n  s h i e l d s  were provided t o  
minimize t h e  h e a t  l o s s e s  f rom t h e  element t o  t h e  w a l l s  of t h e  chamber. 
A t o t a l  of 12 s h i e l d s  were c o n s t r u c t e d  of 0 .005- inch- thick f o i l  s e p a r a t e d  
by 0 .020- inch t a n t a l u m  w i r e .  The f u r n a c e  chamber was a t t a c h e d  t o  t h e  
b e l l  j a r  of a  Var ian vacuum system c o n t a i n i n g  a  1000- l i t e r / second  i o n  
pump a s  shown i n  F i g u r e  22 .  Also  shown i n  t h i s  p i c t u r e  a r e  t h e  s w i t c h e s  
and readout  ins t rument  used d u r i n g  t h e  c a l i b r a t i o n .  The readout  i n s t r u -  
ment was a  Honeywell P r e c i s i o n  I n d i c a t o r  w i t h  an  accuracy of + 0.02 
percen t  of any i n d i v i d u a l  m i l l i v o l t  span froin 1 t o  70  w i t h  c t  3 - ~ n i c r o v o l t  
dead band. 
Thermocouples t o  be c a l i b r a t e d  were a r ranged  a s  shown i n  F igure  2 3 .  
Two Pt/Pt-1ORh r e f e r e n c e  thermocouples  made of 0.020-inch-diameter w i r e  
were s t r u n g  t h r o u g h  a  4-hole 99 p e r c e n t  p u r i t y  alumina i n s u l a t o r  
(0 .187- inch OD). A p i e c e  of Cb-1Zr t u b i n g  (0 .250- inch OD) was d r i l l e d  
ou t  t o  make a  t i g h t  f i t  and was s l i p p e d  over  t h e  4-hole i n s u l a t o r  con- 
t a i n i n g  t h e  P t / P t - 1 O ~ h  r e f e r e n c e  thermocouples .  Samples of t h e  W-3Re 
and W-25Re wi re  t o  be c a l i b r a t e d  were s t r u n g  th rough  2-hole  99 p e r c e n t  
alumina i n s u l a t o r s  (0.062-inch OD) 30 i n c h e s  long ,  and a  1 - inch  l e n g t h  
of 2-hole  0 .032- inch 9 9 . 5  p e r c e n t  Be0 was added t o  e l i m i n a t e  c o n t a c t  
and p o s s i b l e  r e a c t i o n  between Cb-1Zr and a lumina.  Four such  thermo- 
c o u p l e s  were made from c o n s e c u t i v e  l e n g t h s  of w i r e  t o  be used f o r  
i n s t r u m e n t i n g  t h e  l o o p .  These i n d i v i d u a l  thermocouple a s s e m b l i e s  w i t h  
f o u r  o t h e r  samples of d i f f e r e n t  w i r e  were a t t a c h e d  t o  t h e  i n s u l a t o r  
c o n t a i n i n g  t h e  r e f e r e n c e  thermocouples  by means of Cb-1Zr f o i l  s t r a p s .  
The e n t i r e  assembly was made r i g i d  t o  e l i m i n a t e  t h e  p o s s i b i l i t y  of 
s l i p p a g e  between v a r i o u s  p a r t s .  Three  of t h e  ho t  j u n c t i o n s  were formed 
by r e s i s t a n c e  welding t h e  i n d i v i d u a l  a l l o y  w i r e s  t o  t h e  Cb-1Zr t u b e  i n  
a  manner s i m i l a r  t o  t h a t  t o  be used i n  t h e  a c t u a l  l o o p  a p p l i c a t i o n .  
One ho t  j u n c t i o n  was formed by t w i s t i n g  t h e  a l l o y  w i r e s  t o g e t h e r  w i t h  
no s p o t  weld .  Both t y p e s  of j u n c t i o n s  a r e  e v i d e n t  i n  F i g u r e  2 3 .  
The assembly d e s c r i b e d  above was i n s e r t e d  i n  t h e  c a l i b r a t i o n  
f u r n a c e  a s  a  s i n g l e  u n i t  and s t r a p p e d  down t o  t h e  chamber s t r u c t u r e  
s o  t h a t  none of t h e  thermocouple w i r e s  was i n  c o n t a c t  w i t h  t h e  isothci-111nl 
b l o c k .  Copper l e a d s  Prom t h e  vacuum Peedthrouglis were j o i n e d  t o  t h e  
a l l o y  w i r e s  by t w i s t i n g  bo th  w i r e s  t o g e t h e r .  A copper -cons tan tan  thermo- 
Figure 22. Thermocouple Calibration Furnace Attached to the 24-Inch Diameter 
Getter-Ion Pumped Vacuum Chamber. (Orig. C65040528) 
Figure 23. Thermocouple Bundle Used in Calibration of W-3Re/W-25Re 
Thermocouple Wire. (Orig. C65031521) 
couple  j u n c t i o n  was l oca t ed  i n  t h e  ex t ens ion  tube  t o  measure t h e  a c t u a l  
co ld  j u n c t i o n  tempera ture .  C a l i b r a t i o n  d a t a  were t aken  dur ing  t h r e e  
tempera ture  c y c l e s .  During t h e s e  runs ,  t h e  p re s su re  i n  t h e  c a l i b r a t i o n  
furnace  va r i ed  between a  low of 2  x  lo-' t o r r  a t  400°F and a  h igh  of 
6  x t o r r  a t  2400°F. 
Data were reduced by t h e  fo l lowing  procedure.  
S t ep  1 .  Cold j u n c t i o n  tempera ture  was converted from m i l l i v o l t s  
(copper-constantan thermocouple) t o  degrees  Fah renhe i t .  
S t ep  2 .  Block tempera ture  was determined by adding an emf equ iva l en t  
t o  t h e  co ld  j unc t ion  tempera ture  t o  t h e  r e f e r ence  thermo- 
couple  ou tput  and conve r t i ng  t h e  sum t o  degrees  Fahrenhei t  
by means of Nat ional  Bureau of Standards B u l l e t i n  561. An 
average of t h e  two Pt/Pt-1ORh thermocouple read ings  
(never  more t han  2 . 8 ' ~  of d i f f e r e n c e )  was used a s  t h e  
a c t u a l  block tempera ture .  
S t ep  3 .  A t a b l e  of ou tput  va lues  f o r  each  thermocouple being 
c a l i b r a t e d  was prepared from test  d a t a  i n  t h e  range 32O- 
1 4 0 " ~ .  
S t e p  4 .  The m i l l i v o l t  s i g n a l  equ iva l en t  t o  t h e  r e f e r e n c e  j u n c t i o n  
tempera ture  a s  def ined  i n  S t ep  1 above was c a l c u l a t e d  f o r  
each  thermocouple being c a l i b r a t e d  by l i n e a r  i n t e r p o l a t i o n  
of t h e  t a b l e  def ined  a s  S tep  3. 
S t e p  5 .  A c o r r e c t e d  output  s i g n a l  was c a l c u l a t e d  by adding t h e  
m i l l i v o l t  s i g n a l  determined i n  S t ep  4  above t o  t h e  
measured va lue .  Th i s  in format ion  was used t o  gene ra t e  
a c h a r a c t e r i s t i c  curve of co r r ec t ed  output  m i l l i v o l t s  
vs  t h e  a c t u a l  block temperature  determined i n  S t ep  2 
above. 
S t ep  6 .  I n  o r d e r  t o  f a c i l i t a t e  curve p l o t t i n g  and permit use of an 
expanded s c a l e ,  a  s t r a i g h t  l i n e  def ined  by coo rd ina t e s  (0,O) 
and (24, 2400) where t h e  f i r s t  number is  c o r r e c t e d  m i l l i v o l t  
ou tput  s i g n a l ,  and t h e  second i s  temperature  i n  OF was used 
a s  a  base l i n e ,  and t h e  d i f f e r e n c e  between t h i s  l i n e  and 
t h e  co r r ec t ed  output  m i l l i v o l t s  was c a l c u l a t e d .  The 
55 
d i f f e r e n c e  i s  p l o t t e d  v s  temperature  i n  F igure  24. 
The curve shown i n  F igure  24 is an  average of  a l l  d a t a  p o i n t s  
t aken  du r ing  t h r e e  tempera ture  c y c l e s  over t h e  range from 80° t o  2 4 0 0 ' ~  
f o r  two thermocouples w i t h  d i f f e r e n t  hot  j u n c t i o n  cond igu ra t i ons  but 
from t h e  same spoo l s  of a l l o y  w i r e .  A l l  but 8 of 35 s t a b l e  p o i n t s  f a l l  
w i t h i n  4OF of t h i s  l i n e ,  Maximum d e v i a t i o n  of any s t a b l e  po in t  from 
t h e  l i n e  (up t o  2200°F) is  9 ' ~ .  The a c t u a l  va lues  used t o  d e f i n e  t h e  
curve a r e  l i s t e d  i n  Table  XI. These a r e  not a c t u a l  test po in t s  but 
were picked o f f  of t h e  b e s t  l i n e  through t h e  test d a t a  s o  t h a t  l i n e a r  
i n t e r p o l a t i o n  between any two po in t s  would cause a maximum e r r o r  of 0.5OF. 
Figure 24, Difference Curve Versus Temperature Obtained in Calibration of Two 
W-3Re/W-25Re Thermocouples Made From Wire Used to Instrument the 
T-111 Rankine System Corrosion Test Loop. 
TABLE XI 
CALIBRATION DATA FOR W-3~e/W-25Re THERMOCOUPLE WIRE 
Tempera tu re  
O F  
M i l l i v o l t s  
Below Bes t  ( I 1  
S t r a i g h t  
L i n e  
M i l l i v o l t s  
Above Bes t  T o t a l  Out put  i n  
S t r a i g h t  M i l l i v o l t s  w i t h  3 2 ' ~  
L i n e  R e f e r e n c e  J u n c t i o n  
Def ined by c o o r d i n a t e s  ( m i l l i v o l t s ,  t e m p e r a t u r e ) ,  ( 0 , o )  (24 ,2400) .  
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